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Abstract 
The national spatial data infrastructure (NSDI) and GIS maturity of user 
organisations are mutually dependent. Only when the GIS maturity of user 
organisations is at a high level can they direct their needs to the development of 
an NSDI and the benefits of the NSDI come true to their full extent. To raise their 
GIS maturity to a level where user organisations can both utilise spatial data 
comprehensively in their businesses and contribute to the development of the 
NSDI, we propose a GIS maturity enhancement model in which competence 
management is the fundamental theme. The model suggests the means to 
improve the GIS maturity of an organisation. The model was motivated by user 
interviews in Finland, where the technical standard of GIS is not a hindrance to 
further development, but better exploitation of human competence seems to be 
the way forward. 
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1. INTRODUCTION 
 
The need to improve the utilisation of spatial data in organisations has been a 
concern since the early availability of spatial datasets (Chorley, 1987; Masser et 
al., 1996). This seems to be a case still today when spatial data infrastructures 
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are supporting access to wide variety of spatial data resources from local to 
global levels of society. 
A Spatial Data Infrastructure (SDI) is a collection of technologies, policies, and 
institutional arrangements that facilitate the availability of spatial data and access 
to them (Nebert, 2004) and, more precisely, the exchange and sharing of spatial 
data between different stakeholders (Masser, 2005). The principal objective of 
developing an SDI is to achieve a better outcome through improved economic, 
social, and environmental decision making (Williamson et al, 2003) on the basis 
of the extensive use of information embedded in spatial datasets.  
 
SDIs build up from an organisational level to national and global ones as 
presented in a hierarchical model of SDIs by Rajabifard et al. (2000). In this 
model, national spatial data infrastructures (NSDI) presume the development of 
organisational SDIs because spatial datasets from organisations form the basis 
for upper-level data supply, and vice versa, an NSDI facilitates the development 
of organisations’ SDIs. This necessitates strong interaction and collaboration 
between all the authorities and organisations that participate in the development 
of SDIs. The connections between the SDIs at the different levels are based on 
dynamic relationships (Williamson et al., 2003) and, in real life, cannot grow 
without problems (Vries, 2009; Thellufsen et al., 2009). 
 
Until now, the offerings of organisations producing spatial data have gained the 
largest attention in NSDI development and in the discussion about SDIs in 
general. Nevertheless, both Williamson et al. (2003) and Masser (2005) 
emphasise the role of users as a driver of the development of SDIs. Without the 
extensive use of spatial data, the efforts put into SDI development are of no 
value. It is user organisations that utilise the outcomes of NSDIs, and 
furthermore, it should be users that set requirements for and direct the further 
development of SDIs.  
 
However, it is not self-evident that a user organisation is capable of utilising all 
the potential of advanced SDIs. For example, in Finland the shared use of spatial 
data has a long history (Vahala, 1986; Masser, 2005), the technical infrastructure 
is of a high standard, and a lot of spatial data are already available. Furthermore, 
cooperation between the organisations producing and exploiting spatial data is 
active, for example in the Inspire Network of Finland. Still, the exploitation of 
spatial data has not increased as quickly as might have been expected, and the 
full potential is still far from being reached in many sectors. There seems to be 
lack of awareness of the potential of spatial data. In a recent study (Mäkelä and 
Warsta, 2008), only some of the experts who were interviewed could envision 
and estimate the future benefits of the utilisation of spatial data in their own 
organisation if a comprehensive, well-implemented national SDI were available. 
The study revealed significant variations in the maturity of public organisations in 
their utilisation of spatial data, and especially in their strategic attitude, or lack of 
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it. In another study (Vaniala, 2008), the exploitation of spatial data in a large 
public organisation was studied and found to be limited in comparison with the 
availability of datasets. Benchmarking interviews in the same study indicated that 
lack of awareness of the full potential of spatial data is common in organisations 
that already use spatial data to some extent, whether they work in the public or 
private sectors.  
 
The results from these interviews motivated us to study more those factors that 
reinforce the utilisation of spatial data in organisations. More precisely, the results 
pointed to the obstacles relating to competence management rather than 
technical or resource-wise issues. This was not surprising as Masser et al. (1996) 
already emphasised the importance of social and organisational issues in the 
diffusion of GIS in organisations, and Thellufsen et al. (2009) stress awareness 
as a foundation for developing effective SDIs. Therefore, we drafted a model 
where the development of competence management is the key to the 
improvement of the maturity of an organisation in the utilisation of spatial data. 
We call it a GIS maturity enhancement model. The model presents the 
components of competence as well as the essential means of competence 
management. It is based on literature about competence management in expert 
organisations with emphases derived from the results of the unpublished studies 
of Mäkelä and Warsta (2008) and Vaniala (2008) and from our experience in 
working life. In these two studies, representatives of a total of fifteen public and 
private organisations in Finland were interviewed. For the evaluation of the 
effectiveness of competence management, the model suggests a GIS maturity 
measure. We use term GIS maturity referring to the definition of a geographic 
information system (GIS) comprising not only data, software and hardware but 
also procedures and people who utilise the data and technology (e.g. Longley et 
al., 2005).  
 
Before the model, we first introduce the concept of GIS maturity and present a 
GIS maturity scale that was used in the above mentioned study of Mäkelä and 
Warsta (2008) in estimating the capability and ability of user organisations to 
utilise spatial data. The GIS maturity scale was compiled based on a maturity 
model used in information technology, comprising both technical elements, such 
as data and applications, and policies and institutional arrangements, such as 
management and competence. Babinsky (2009) calls these enabling capabilities 
and execution abilities, correspondingly. Examples of the findings of the study are 
presented that demonstrate the differences between the levels of GIS maturity. 
From the model, we proceed to discussion about the requirements that the GIS 
maturity enhancement model sets on the measure of GIS maturity compared with 
the simple scale now presented. Furthermore, we discuss other areas needing 
further research. 
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Throughout the following chapters, by user organisations we mean not the 
producers of spatial data but organisations that utilise such data. In addition, the 
organisations in question are large enough to be operating in several branches. 
Inter-organisational relationships and collaboration in the development of NSDIs 
are important issues and comprise complex questions in themselves, but they are 
given only a mention in this study.  
 
 
2. GIS MATURITY OF ORGANISATIONS 
 
The GIS maturity of an organisation describes the levels of both technology and 
human competence, as well as the understanding of the benefits and will to 
utilise spatial information technology to reach the business objectives of an 
organisation. In a mature organisation, spatial data are used in all those business 
processes in which they are clearly beneficial, and thus the use of spatial data no 
longer represents a single entity but is an integrated facet of the organisation’s 
information management (Marr and Benwell, 1996). The term enterprise GIS (or 
corporate GIS) partly reflects the ideas of GIS maturity. Definitions of enterprise 
GIS emphasise, for example, the needs of organisational objectives instead of 
individual needs (Sipes, 2005), or, in the words of Wade and Sommer (2006, p. 
69), “integration through an entire organisation so that a large number of users 
can manage, share, and use spatial data and related information to address a 
variety of needs, including data creation, modification, visualization, analysis, and 
dissemination”. However, it is not sufficient that an organisation has an enterprise 
agreement for software licences or a web map portal; a more business-oriented 
touch is required. The use of spatial data has to be integrated into organisational 
workflows and support the attainment of the priorities of the enterprise.  
 
GIS maturity has also been described by the concept “diffusion of GIS”, which 
explains how well GIS is adopted and taken up by various user groups (Masser 
et al., 1996). The diffusion is a multi-stage process. The most problematic 
question is not the purchasing of software licences and data but how the various 
sectors and interests in the organisation accept and start to use GIS. 
 
2.1 Maturity scale of the utilisation of spatial data 
 
A scale of GIS maturity was created in the study of Mäkelä and Warsta (2008) to 
support the interviews where Finnish public authorities assessed the utilisation of 
spatial data in their duties. The scale is based on the IT Value Barometer 
(Thinking Business Group, 2004), which is a self-assessment method for 
business and IT executives for identifying and discussing how they are using 
information technology, for what purposes, and what kinds of business results 
they are getting from it. Because GIS can be considered as a subset of IT (Marr 
and Benwell, 1996), a maturity model that was developed for IT was adapted as 
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a starting point for measuring GIS maturity. The barometer contains six 
viewpoints concerning IT maturity: management, processes, competence, 
information management, IT infrastructure, and IT applications. Correspondingly, 
Babinsky (2009) introduces two main viewpoints: enabling capability and 
execution ability in the development of maturity. Enabling capability includes 
technology, data, resources, and infrastructure. Execution ability is the ability of 
staff to maximise their use of the available capability. The GIS maturity scale 
(Table 1) is a simplified version of the IT Value Barometer, and in it the six 
original IT viewpoints have been combined into an overall maturity measure. The 
scale is not comprehensive but served as a tool in the above mentioned study of 
Mäkelä and Warsta (2008).  
 
At the three lowest levels of the maturity scale, i.e. the non-aware, aware, and 
systematic levels, organisations may have skilled personnel and spatial data may 
even be used in several applications, but only at the systematic level is 
management consistent. Competence and the strong involvement of 
management are characteristic only at the two highest levels of the scale, i.e. at 
the dynamic and first-rate levels. This five-level approach is typical in maturity 
models (Lance, 2006; Rezvani, 2008; Mangan, 2008), and the contents of the 
levels are closely similar in different models, even if the levels have different 
names. At the lowest level, enthusiasts use spatial data and technology on an ad 
hoc basis. The GIS maturity of an organisation develops from isolated but 
managed GIS to integrated GIS at the third level. At the two highest levels, the 
development is based on a strategic plan and is measured, and in a fully mature 
organisation GIS is seamlessly integrated with enterprise systems. A maturity 
model is a roadmap for organisational improvement, and lower-level processes 
must be in place before higher levels can be attained (Rezvani, 2008). 
 
Table 1: Organisation’s GIS maturity scale 
 
GIS maturity level Description 
First-rate Spatial information strategy is implemented in the operations 
of the organisation.  
Spatial data management is an integrated part of general 
information management.  
Spatial data are utilised increasingly, and staff are trained to 
use GIS applications.  
Management follows and regularly measures the effects of 
the use of spatial data on the productivity of work and 
decision making.  
The organisation collaborates actively in SDI development at 
the local and national levels. 
Dynamic The management has recognised the benefits of spatial data 
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in operational efficiency, in decision making, and in the quality 
of customer service.  
The organisation has a spatial information strategy, but the 
strategy is not implemented or its implementation has just 
started. Spatial data management is consistent. 
Systematic Spatial data are used continuously in diverse business 
processes.  
The organisation does not have a common spatial information 
strategy or plan.  
Spatial data management has been planned systematically, 
together with other data management.  
The benefits of spatial data are evaluated on the basis of cost 
savings. 
Aware The use of spatial data is limited to traditional business 
processes, which all have their own separate geographic 
information systems.  
Spatial data management is decentralised; data are managed 
separately in each application.  
Application users are trained just for a specific application. 
The benefits of the use of spatial data are not measured 
actively. 
Non-aware The organisation uses spatial data very little and 
coincidentally.  
The use is non-systematic and is based on the personal 
interest of one or a few people. 
 
 
2.2 How mature were the organisations? 
 
This GIS maturity scale was applied in a study of the attainable benefits of the 
implementation of the INSPIRE directive in Finland (Mäkelä and Warsta, 2008). 
The principles, objectives, and measures deemed appropriate for the 
development of the NSDI in Finland are recorded in the Finnish National 
Geographic Information Strategy (Ministry of Agriculture and Forestry, 2004). 
One of the objectives stated in the strategy is that public authorities should make 
extensive use of spatial databases and services maintained by other public 
authorities. With respect to this objective, the Ministry of Agriculture and Forestry, 
which is responsible for the implementation of the NSDI in Finland, wanted to get 
information about the attainable benefits and launched a study to find out the 
vision of the “perfect world”. The key issue in the study was what kinds of future 
possibilities for the utilisation of spatial data a comprehensive, well-implemented 
NSDI can create. The wisdom of these possibilities was collected through expert 
interviews and a questionnaire. The following questions were covered: How 
would the utilisation of spatial data grow as a result of the use of an advanced 
NSDI, compared with the current situation? What kinds of benefits would public 
authorities achieve from the effective use of spatial data and from a 
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comprehensive NSDI? Which national and/or organisational factors reduce, 
impede, or limit the utilisation of spatial data? 
 
The target group in the study was public authorities, both in municipalities and 
state administration, who use spatial data in their daily activities. Managers and 
experts on the use of spatial data from nine diverse public authorities were 
interviewed in depth. Because of their positions, these people should have had a 
holistic view on the present situation and be competent to create visions about 
the future possibilities and benefits that a comprehensive NSDI can bring about. 
The organisations represented, among others, a small municipality, a medium-
sized town, a ministry, a regional environment centre, the traffic sector, a big 
university, and a government agency. In addition, the interviewees estimated the 
maturity of their organisations on the basis of the GIS maturity scale above. 
Managers and experts were easily able to position their organisation on the right 
maturity level. In two cases, however, the organisation was on the way to a 
higher level. On the basis of the maturity indicators, one decided to choose the 
lower level and the other interviewee chose the higher level because his 
organisation would fulfil its requirements in the coming months. The levels of 
maturity varied from aware to dynamic. Two organisations were on the aware 
level and one organisation on the dynamic level. All the others considered that 
their utilisation of spatial data is systematic. Hence only one organisation out of 
nine had created a spatial information strategy, but even in that organisation the 
implementation of the strategy had not yet started. In general, very little 
information is publicly available about the Finnish public authorities’ spatial 
information strategies. It is difficult to estimate whether this means that the 
strategies do not exist or the authorities have developed and implemented 
strategies that are considered internal and information about them is not 
published. The results of the study of Mäkelä and Warsta (2008), however, 
indicate that strategies have not commonly been created yet. 
 
Those of the organisations that were early adopters of spatial data use spatial 
data mainly in their traditional activities, for example in the technical sector in 
municipalities. Still benefits could be achieved in several other activities, such as 
social, health, and transport services. Almost every interviewee envisioned the 
possibility of improving decision making by spatial analysis, but they 
acknowledged that an actual step is needed to increase the GIS maturity in their 
organisations. Obstacles to the taking of such a step that were named were lack 
of awareness about the benefits of spatial data and lack of understanding and 
support on the part of the management. Two interviewees said that to develop 
the maturity of their organisations from aware to systematic requires better data 
management and GIS tools as well as training to both existing and potential new 
users. They stated it to be essential that the management understands and 
commits to such a development. Human competence was not strongly 
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emphasised in the GIS maturity scale, and the other interviewees mostly ignored 
the aspect.  
 
All the interviewees had great expectations of the NSDI as the means of an easy 
access route to national spatial databases. They also saw the NSDI in an 
important role in promoting the wider awareness and utilisation of spatial data. 
However, the visions collected in the study reflected well the level of GIS 
maturity: at the lowest levels, there seemed to be hardly any visions about the 
potential improvements that advancements in the NSDI would bring to the 
organisation. 
 
 
3. COMPETENCE MANAGEMENT AND GIS MATURITY 
 
Both the enabling capabilities and execution abilities have to be taken into 
account when assessing the GIS maturity of an organisation, but it seems that 
the limiting factors are not so much in enabling capabilities than in execution 
abilities. The studies of both Mäkelä and Warsta (2008) and Vaniala (2008) 
revealed limited utilisation of spatial data in organisations in comparison with the 
possibilities, and lack of awareness of the potential was considered to be the 
main constraint. It shows in lack of strategic attitude as well as in lack of 
understanding and support on the part of the management (Mäkelä and Warsta, 
2008). Results of Vaniala’s study (2008) emphasised the need to improve human 
abilities. The process of increasing the GIS maturity is complex and problematic, 
and only organisations themselves can seek opportunities to improve their 
competences and conditions (Masser et al., 1996; de Man et al., 2002). However, 
management of expert organisations has been studied and approaches proposed 
(Senge, 1990; Sveiby, 1997; Viitala, 2004; Laakso-Manninen et al., 2007) that 
can be applied here. Masser et al. (1996) already emphasised the importance of 
social and organisational issues in the diffusion of GIS, and Kok et al. (2005) 
suggest that leadership, vision, and communication channels are the critical 
organisational components in reaching a successful SDI. Therefore, in the 
following we concentrate on competence management as a means of increasing 
the utilisation of spatial data and improving the GIS maturity of an organisation. 
We propose a GIS maturity enhancement model in Chapter 3.1 that focuses on 
the means of competence management that were identified as essential factors 
in the above mentioned interviews. We consider further the implementation of the 
strategy in Chapter 3.2 and the roles and commitment of people in Chapter 3.3 
since they were repeated in the interviews as limiting factors of the utilisation of 
spatial data. Actually, ideas presented in these two chapters are strongly 
interrelated. 
 
Because the GIS maturity enhancement model applies the best practices 
documented in Vaniala’s study (2008) we first introduce that study. The study 
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aimed at defining means by which the utility of spatial data in a certain 
organisation could be increased. The organisation was a large Finnish public 
organisation with several branches that use spatial data. The study first 
ascertained the present state of the organisation by interviews of users inside the 
organisation. The users estimated the importance of spatial information for their 
duties and their competence to use spatial data, and gave ideas as to how to 
improve spatial data utilisation. The results indicated that there was an 
information and communication gap between the experts on the use of spatial 
data, users in different branches, and the management. Experts were not familiar 
enough with users’ tasks. Users did not know about the existence of spatial data 
resources and were not aware of the possibilities and benefits that the use of 
spatial data could provide. Furthermore, the managers were lacking information 
about the attainable benefits of spatial data in their own branch and thus could 
not understand the importance of the development of GIS maturity. Therefore, 
one purpose of the next phase was to find out how awareness of the benefits of 
spatial data could be promoted inside an organisation. 
 
On the basis of the outcome of the first phase, the study of Vaniala (2008) then 
collected information of best practices in private companies. These companies 
were active in areas such as the forest industry, construction, pulp and paper, 
environmental planning, business intelligence, and transportation. They all 
operated in Finland but were involved in international business as well. A 
common denominator was that they all had a special support unit for the use of 
spatial data in their organisation, a so called GIS unit, and the interviewees were 
the chiefs of these units. They were asked about the vision and business idea of 
the GIS unit and how they marketed the utilisation of spatial data inside their 
organisations. These interviews served as a kind of benchmarking study:  after 
the key areas for improvement are identified, best practices are searched for from 
similar organisations, and those are adapted to improve one’s own performance. 
The results of the interviews both inside the target organisation and in the 
benchmarking study were compared with the theoretical models of competence 
management and a functional model with improved practises were proposed for 
the benefit of the target organisation. The functional model emphasised internal 
communication between managers and employees. Additionally, the results 
emphasised that potential of spatial data should be taken into account 
horizontally throughout the organisation and included in the strategies. 
 
3.1 GIS maturity enhancement model 
 
Competence is the main resource of an expert organisation (Sveiby, 1997). 
Competence management, as a combination of the leadership of people and the 
management of technical systems and business activities, ensures and 
strengthens the operating capability and the competitiveness of organisation 
(Laakso-Manninen et al., 2007). It can be considered as a power which combines 
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together human capital, internal structures, and external structures, the three 
components of intellectual capital (Edvinsson and Malone, 1997). Human capital 
is the competence and knowledge which is in people (both managers and 
employees); organisations can neither have nor own human capital. Human 
capital is transferred with people when they change jobs. Internal structures 
include e.g. an internal data infrastructure, working processes, and working 
culture (e.g. Sveiby, 1997; Roos et al., 1997). It is said that internal structures 
stay in the office when employees go home (Ferguson, 2002). External structures 
include elements such as relationships with customers, stakeholders, and 
shareholders. Both our own experience and literature (Kok et al., 2005) indicate 
that organisations usually pay more attention to the development of internal and 
external structures, and the internal structures especially, than to the 
development of human capital. However, the management of these three 
components of intellectual capital should be in balance. In the GIS maturity 
enhancement model, these three components are included. The internal 
structures form the basis on which human capital can rely, and the external 
structures build on the basis of human capital (Figure 1). 
 
The study of Vaniala (2008) summarised the best practises of the competence 
management in organisations that want to improve their utilisation of spatial data 
into the systematic implementation of the strategy, the improvement of internal 
communication, and the management of basic functions. The strategic approach 
was highlighted also in the study of Mäkelä and Warsta (2008). We include these 
as the means of competence management in the model (Figure 1). However, we 
extend the communication from internal to overall communication so that it also 
covers external structures. Communication is not commonly considered in the 
context of competence management, but as the awareness was emphasised in 
the interviews above as a crucial factor in many contexts, its role cannot be 
ignored.  
 
In addition, we need established measures that act in evaluation as feedback for 
adjusting the competence management (Senge, 1990, Roos et al., 1997). While 
the competence management aims at enhancing the GIS maturity, a GIS maturity 
model provides the means for the measurement. So the model implements the 
continuous feedback loop for improvement introduced by Deming in the 1950’s. 
Figure 1 presents the GIS maturity enhancement model constructed from the 
components introduced above. The model is to support organisations in 
developing their GIS maturity, although it is not exclusive. It is a general model in 
a sense that it introduces aspects that should be taken into account rather than 
suggests concrete steps of action.  
 
The implementation of the model is always organisation-specific, because the 
business goals of organisations are different and thus their needs to utilise spatial 
data are divergent. Production organisations want to increase efficiency while 
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expert organisations use spatial data to support planning and decision making. In 
some organisations, spatial data is part of new revolutionary products and 
services that companies innovate and develop into the market. The purpose of 
business activities and the supposed meaning of spatial data in these activities 
impact on both the role and the significance of the different components of the 
GIS maturity enhancement model in competence management. Furthermore, the 
structures and social systems within organisations and how they adapt to 
changes in their business environments characterise organisations. On these 
bases, organisations can be characterised as mechanistic, organic or dynamic 
systems (Burns and Stalker, 1994; Ståhle et al., 2003).  
 
Figure 1: The GIS maturity enhancement model comprises the components of 
competence and the essential means in competence management as well as the GIS 
maturity model for measuring the development. 
 
Mechanistic organisations achieve efficiency and minimise costs through 
automation, repeatability and routines, which form the basis of the system. 
Therefore, internal structures, such as spatial data management that enables 
shared use of data and a spatial data quality system, both elements of an SDI, 
form the basis for competence development. Basic functions, such as up-to-date 
instructions being available to all who need them, employees’ duties being 
described, and appropriate working methods, form keystones that have to be in a 
good condition before a workable and learning organisation can develop 
(Vaniala, 2008). These supporting internal structures are also important to 
organic and dynamic organisations. 
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The more efficient the organisations are the more time they have for the 
development of competence and their core business such as new custom-
oriented products or services (Ståhle, 2003). These are the typical tasks of an 
organic organisation. Therefore, an appropriate internal SDI, good documentation 
and established routines are also important to organic systems. Not only skills but 
also other elements of human capital such as knowledge and attitude are 
significant in organic organisations. In addition, open culture that supports social 
communication leads to flexibility and to the capability of reacting to changes in 
the environment  
 
Dynamic organisations can be characterised as hectic or even chaotic entities. 
They have to endure uncertainty and risks. Organisations, typically companies 
that continuously innovate and develop new products or services to gain strategic 
competitive edge, have to possess dynamic characteristics. Networking and self-
organisation are key elements in dynamic organisations. The strategic vision of 
an organisation has to become a shared vision of all employees so that they are 
able to direct their skills and efforts to the achievement of business goals. The 
development of external structures is a prerequisite for the networking. Dynamic 
organisations need to share knowledge and responsibilities with relevant 
stakeholders such as customers, data providers, service providers, research 
institutes, government and other spatial data user organisations.  
 
To some extent, all organisations have characteristics of mechanistic, organic 
and dynamic systems. The GIS maturity enhancement model takes into account 
the development of all the three characteristics but with different emphases. For 
example, the implementation of the strategies is a crucial factor in a dynamic 
organisation whereas a mechanic organisation builds strongly on the 
management of basic functions.  
 
3.2 Implementation of strategy as a part of competence management 
 
Organisations should have long-term visions of the comprehensive utilisation of 
spatial data. Their strategies should include goals for the development of GIS 
maturity, and the intended maturity level should be set in the strategy. Goals that 
are not included in a strategic or corresponding plan are not important to the 
organisation. When top managers approve a strategy, they commit themselves to 
the goals of the strategy. They also give power and responsibility to the 
managers of different branches to create circumstances that enable the 
implementation of the strategy. Moreover, the communication of strategic goals 
throughout the organisation is important. These are all prerequisites to the 
successful implementation of strategies.  
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As the motivation of individuals is an important factor in the level of adoption of 
spatial applications (Masser et al., 1996), managers need to know how to 
motivate employees and how to create the most encouraging circumstances for 
working and for learning by doing. Motivated employees are more active in 
developing their own duties than non-motivated ones are. Employees lose their 
will to apply their ideas and knowledge into improvement of working processes if 
strategies, structures and practices do not underpin this. Hämäläinen and 
Saarinen (2007) call this kind of an outcome the systems of holding back 
because it prevents the people and the organisations from flourishing. But people 
can also mould the system. Besides managers, each person working in an 
organisation is responsible for, and should contribute to, ensuring that strategic 
measures to increase GIS maturity are successfully implemented. 
 
Also communication should be included in the implementation plans and be 
based on a strategy. It should cover, among other things, marketing of the 
internal structures, so that potential users become aware of the existence and 
potential of spatial data and related tools. Nevertheless, internal communication 
in an organisation is much more far-reaching than information sharing through 
the Internet and intranet. Interaction and feedback between people is an 
essential part of communication as is networking inside and outside the 
organisation (Ståhle and Grönroos, 2000). Because knowledge and competence 
are in people, not in technical systems, they are transferable only when people 
are communicating with each other and working together.  
 
3.3 Roles and commitment as a part of human capital 
 
Implementation of strategy often gives rise to changes and to the new roles and 
responsibilities. The success of the implementation depends on whether 
managers and employees commit themselves to the new roles and have passion 
for playing the roles. Organisations need at all levels leaders who spread new 
ideas and practices and translate them into action (Senge, 1990). The former 
Australian politician and Minister Gary Nairn said in his keynote speech in 
GSDI11 World Conference that countries need political champions who convince 
the policy-makers about the importance of spatially enabled government. 
Similarly, organisations need champions and role models. In the best case, the 
managing director of the company or the city major has a vision of a spatially 
enabled organisation and plays an active role to fulfil the vision. However, it is 
significant that each person understands her fundamental role in the eventual 
success of the organisation 
 
It seems to be characteristic of human beings to think I know rather than we 
know, or I can rather than we can. If we think that individual knowledge brings us 
more power, it is time to change our way of acting and to realise that freely 
flowing knowledge and exchangeable thoughts are one of the keys to the 
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development of both people and the organisation. Systems intelligence 
(Hämäläinen and Saarinen, 2006) highlights the importance of human behaviour 
in flourishing organisations. When a person is aware of the influence of the 
organisation as a whole upon herself, as well as her own influence upon the 
organisation she is able to contribute to the development of the GIS maturity in a 
positive way. User needs and ideas on how to utilise spatial data often pop up 
suddenly in various occasions. A systems intelligent employee has situational 
reading skills and sensitivity to the need to act. She uses her working time and 
efforts to support her colleague in solving problems or exchanging ideas. These 
situations, as the systems of mutual support (Hämäläinen and Saarinen, 2007), 
are essential for a maturing organisation.  
 
 
4. DISCUSSION  
 
When we compare the GIS maturity enhancement model presented above to the 
maturity models of Lance (2006), Rezvani (2008) and Mangan (2008) we can find 
in all the models correspondence to the components of competence, i.e. internal 
structures, human capital and external structures, although sometimes further 
divided into sub-components and named differently. Relating to the means of the 
competence management in the GIS maturity enhancement model, the aspects 
of strategy and basic functions are typically covered in the maturity models as 
well. However, the maturity models do not put attention on the implementation of 
the strategy but rather name it as a plan. What is a clear difference is the aspect 
of communication missing in the maturity models. We suggest that the 
improvement of communication should be included in a maturity model that would 
be used for the development of GIS maturity of organisations. Another aspect 
that should be considered as a potential addition is the level of commitment of 
people in the organisation in the development of the utilisation of spatial data. It is 
difficult to measure but that should not be seen as a reason of ignoring it. 
 
The GIS maturity model is an essential part of the GIS maturity enhancement 
model. It serves the assessment of the current state of competence as well as 
the effects of development. When properly designed, it also supports the setting 
of the strategic goals of competence management in an organisation. However, 
the maturity scale used in the study of Mäkelä and Warsta (2008) and introduced 
in Chapter 2 is not detailed enough for this kind of a purpose. The maturity model 
needs to be multi-faceted so that it reflects the model presented above taking into 
account the aspects of human competence as well as external and internal 
structures, and at the same time, covering strategic efforts as well as 
management of communication and basic functions. It is obvious that the 
different facets do not necessarily develop at the same pace, and therefore, the 
measure of the GIS maturity must be a derived from several factors. Whether the 
various facets can be assessed independently or which of them correlate should 
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be considered carefully when formulating a maturity model appropriate for the 
development of competence management.   
 
While the GIS maturity enhancement model proposed identifies the elements that 
should be considered when aiming at improving the utilisation of spatial data in 
an organisation, this paper only provides narrow examples of the meaning of 
these elements. Because of the variation between organisations, not only by 
business logic as given above but also by many other factors, the elements must 
have different emphasis in different organisations. However, their meaning in the 
context of different organisations that rely their actions and business strongly on 
spatial data should be studied further. 
 
The role of user organisations in the overall development of the NSDI is twofold. 
On one hand, it is the user organisations that can realise the benefits of an NSDI, 
and on the other hand, users place well-founded demands on an NSDI and make 
criticisms of it, thus supporting the development towards beneficial results. From 
the user organisation’s viewpoint, the former contribution leads to internal 
outcomes, whereas the latter is an external outcome for the benefit of society. 
The level of GIS maturity determines the extent of both the internal and external 
outcomes of spatial data; the higher the maturity is, the more significant the user 
organisation’s contribution can be. 
 
The starting point of this study was the benefits and development of NSDIs. We 
propose that in order to flourish the NSDI needs users that extensively utilise the 
data resources that are available via the NSDI services. While we suggest that 
the extensiveness of the utilisation of spatial data is dependent of the level of GIS 
maturity of user organisations, we propose that the GIS maturity model provides 
a measure of the status of the NSDI. In order to serve as a measure at the 
national level, the user organisations should assess their GIS maturity by a 
similar maturity model. Therefore, it should be a shared effort to develop the 
maturity model. The development of an NSDI (or an SDI at any level 
corresponding to the level of the activity of the organisation in question) may play 
a remarkable role in the external structures by motivating and facilitating co-
operation between stakeholders. This can at its best add intellectual capital. 
However, the role and influence of external structures needs to be studied. To 
our knowledge, this is a field of SDI development that seriously lacks research. 
 
 
5. CONCLUSION 
 
The two studies presented above independently brought up the fact that 
organisations using spatial data are not as mature as they could be or has 
generally been expected. The studies propose that the main obstacles to the 
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further development of the utilisation of spatial data in organisations are a lack of 
awareness and understanding about the benefits of spatial data and a lack of 
strategic management. Therefore, in the development of the GIS maturity of 
organisations special attention should be paid to competence management. Until 
now, the main attention has been on the development of technical infrastructures. 
 
We drafted a GIS maturity enhancement model for developing the GIS maturity 
by competence management and thus increasing the utilisation of spatial data in 
user organisations. The aim of development should be the level of maturity where 
these organisations can extensively utilise spatial data in their different branches 
of activities. A holistic view, strategic approach, and continuous development are 
keywords when implementing the model. A GIS maturity model is needed for 
evaluating the level of maturity of an organisation as well as in setting the goals 
of development. Further research is needed for the development of a 
comprehensive GIS maturity model that takes better account of the internal 
structures, the human capital, and the external structures. Furthermore, the 
impact of maturity evaluation to the competence management in user 
organisations and to the development of NSDIs should be followed. 
 
The impact of spatial data users on the success of the implementation of an 
NSDI is significant. However, it is mainly organisations where GIS maturity is at a 
high level that have visions of how to utilise data from NSDIs, and they can set 
new and challenging demands on the NSDI. Currently many users cannot yet 
define their needs, and this is a result from immature organisations. GIS maturity 
reflects comprehensively both the enabling capabilities of organisations, such as 
technical infrastructure and applications, and their execution abilities, such as 
awareness, competence, and the will to utilise spatial data. 
 
The development of an organisation’s GIS maturity is not an overnight project. It 
has to be a goal-oriented and scheduled process, like any development project. It 
also is a learning process, and it is people who play the key roles in the process. 
When the development is successful, the positive outcomes are reflected on the 
NSDI. At the same time, the implementation of the NSDI cannot be considered 
successful without the increasing utilisation of spatial data in user organisations. 
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